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Abstract. The cynipoid wasp Gronotoma micromorpha (Perkins) (Hymenoptera: Figitidae) is a parasitoid of the leaf miner Lirio-
myza trifolii (Burgess) (Diptera: Agromyzidae). The effects of adult age and body size on egg maturation in G. micromorpha were
determined. The results showed that its egg load (number of mature eggs per female) increased when offered honey, water, but
not hosts for 3 or 6 days after adult emergence. However, there was no significant difference in the egg loads of 3- and 6-day-old
wasps. These findings and the results of previous studies on other cynipoid parasitoids suggest that when hosts are not available,
females of parasitoid Cynipoidea enhance their reproductive capacity in anticipation of a future improvement in the availability of
hosts by using carbohydrates and reserves stored during the larval stage. Moreover, large female wasps had higher egg loads
throughout their lifetime. Given that rapid increases in the population density of L. trifolii are commonly reported in greenhouses,
the demographic data of 0- and 3-day-old G. micromorpha females fed honey, need to be compared in the future. The effects of

body size on the fecundity and longevity of G. micromorpha wasps should also be determined.

INTRODUCTION

Egg maturation in parasitoid wasps has been extensively
investigated in order to clarify the life-history and repro-
ductive strategies employed by these wasps (e.g., Rosen-
heim et al., 2000; Jervis et al., 2001, 2008). An ovigeny
index, calculated by dividing the number of mature eggs
upon emergence by potential lifetime fecundity, is widely
used to assess a variety of reproductive traits of parasitoids
(Jervis et al., 2001, 2008; Jervis & Ferns, 2004). From the
viewpoint of reproduction, parasitoid wasps are classified
as pro-ovigenic species, in which most or all of the poten-
tial lifetime egg complement is mature upon emergence,
or synovigenic species, in which egg maturation continues
throughout the adult stage (Flanders, 1950). However, a
continuum between pro-ovigenic and synovigenic has also
been identified in parasitoids, and strict pro-ovigeny (ovi-
geny index = 1) is rare (Jervis et al., 2001; Ellers & Jervis,
2004). Females emerging with a considerable number of
mature eggs, combined with maturation of additional eggs
throughout the lifetime of the female, are referred to as
prosynovigenic parasitoids (Quicke, 1997).

Host feeding and production of yolk-rich eggs are com-
mon in females of synovigenic species, which are typically

longer-lived than pro-ovigenic species (Jervis et al., 2001).
In addition, egg resorption is widely recorded in females of
synovigenic species when suitable hosts are rare or absent
(Rosenheim et al., 2000; Jervis et al., 2001). In Cynipoidea,
female parasitoids are generally pro-ovigenic or prosyn-
ovigenic (Kopelman & Chabora, 1986, 1992; Vardal et al.,
2003; Jervis et al., 2008; Fischbein et al., 2013; Wang et al.,
2018; Wu & Abe, 2020). In addition, they do not feed on
hosts (Bartlett, 1964; Abe, 2009) and their eggs are prob-
ably hydropic, i. e., contain little yolk (Vérdal et al., 2003).
Given that the prosynovigenic condition is intermediate
between the pro-ovigenic and synovigenic, the likelihood
of egg resorption should be determined in prosynovigenic
cynipoid wasps deprived of hosts.

Generally, body size is positively correlated with lifetime
fecundity in insects (e.g., Honek, 1993). In parasitoids, fe-
male body size is considered to be a primary indicator of
fitness (Roitberg et al., 2001). As reviewed by Jervis et al.
(2005), body size is positively correlated with egg load
(i.e., number of mature eggs per female) in most parasitoid
species. From a biological control perspective, female body
size is linked to their field performance, such as host loca-
tion (Kazmer & Luck, 1995; Bennett & Hoffman, 1998). It
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is important to clarify the relationship between body size
and egg load in potential biological control agents.

The genus Gronotoma (Hymenoptera: Figitidae) in-
cludes potential biological control agents of leaf miners
(Diptera: Agromyzidae) (Buffington, 2002, 2011; Ridland
et al., 2020). Among the members of this genus, Grono-
toma micromorpha (Perkins) is a solitary thelytokous para-
sitoid that is distributed in subtropical regions (Abe, 2001;
Arakaki et al., 2001; Abe & Konishi, 2004). To our knowl-
edge, this parasitoid species can parasitize the serpentine
leaf miner Liriomyza trifolii (Burgess), the pea leaf miner
Liriomyza huidobrensis (Blanchard) and the tomato leaf
miner Liriomyza bryoniae (Kaltenbach) (Diptera: Agro-
myzidae) (Prijono et al., 2004; Abe, 2006).

Since its initial egg load is approximately half its lifetime
fecundity, which is on average 6.6 days on L. trifolii, G.
micromorpha is regarded as prosynovigenic (Wu & Abe,
2020). The female wasp oviposits in the eggs and all of
the larval stages of L. trifolii; the adult wasps emerge from
host puparia (Abe, 2001, 2009). Based on its biological
traits, including thelytokous reproduction, high initial egg
load, no pre-oviposition period and high net reproduction,
G. micromorpha is considered to be well suited for use in
the biological control of L. trifolii in greenhouses globally
(Abe & Tahara, 2003; Wu & Abe, 2020). Some species in
the genus Liriomyza are economically important world-
wide (Parrella, 1987; Ridland et al., 2020). Of these, L. tri-
folii, which has been extensively studied within the context
of displacement of the closely related species Liriomyza
sativae Blanchard, is polyphagous and highly resistant to
insecticides (Reitz & Trumble, 2002; Abe & Tokumaru,
2008; Gao et al., 2011; Wang et al., 2014; Abe, 2017): In
the USA and China, L. sativae was replaced by L. trifolii,
but conversely the latter was displaced by the former in
Japan. Moreover, as part of developing a control program
for L. huidobrensis and conserving native parasitoids in
Indonesia, the effect of three commonly used insecticides
were evaluated using G. micromorpha, which is one of the
most common local parasitoids (Prijono et al., 2004). In
this country, mass-reared individuals of G. micromorpha
are planned to be released in the vegetable producing area
where this parasitoid is not found (Daha, 2011). To use G.
micromorpha as a biological control agent for L. huidob-
rensis, the host-instar preference, functional response and
life-history parameters of this parasitoid have been inten-
sively investigated (Supartha et al., in press).

In the present study, the effects of adult age on egg matu-
ration were established for the prosynovigenic G. micro-
morpha parasitizing L. trifolii to clarify the reproductive
capacity of parasitoids under no host conditions. In addi-
tion, the hind tibial lengths of G. micromorpha were used
as a proxy for body size and used to clarify the relationship
between adult body size and egg load.

MATERIALS AND METHODS

Insects and plants

This study used the same cultures of G. micromorpha and
L. trifolii that were used by Wu & Abe (2020). The cultures origi-

doi: 10.14411/eje.2021.038

nated from the main island of Okinawa. Leaf miners were reared
on the common bean Phaseolus vulgaris L. All insects were
maintained and experiments conducted at 25°C under a 15L : 9D
photoperiod.

Egg load and hind tibial length of 0-, 3- and 6-day-old
G. micromorpha wasps

In a previous paper (Wu & Abe, 2020), the egg load of 0-day-old
(<24 h after emergence) females of G. micromorpha was deter-
mined. To compare the egg loads of 0-, 3- and 6-day-old females,
3- and 6-day-old female wasps were prepared as follows. Twenty
wasps were captured soon after emergence and kept individually
in 20 10-ml glass vials containing a water-soaked cotton ball for
3 days in ten vials and 6 days in ten vials. In addition, the inside
of the vial was streaked with honey as food for the parasitoid.
As in Wu & Abe (2020), the 3- and 6-day-old parasitoids were
killed by freezing, but six 6-day-old parasitoids were destroyed
prior to examination. The remaining 14 wasps were individually
transferred to a petri dish containing distilled water and dissected
using forceps and minute pins under a stereomicroscope (Leica
WILD MI10, Leica Microsystems, Wetzlar, Hesse, Germany).
Similar to Wang et al. (2018), the mature eggs were identified by
the presence of a thin translucent and smooth chorion and a stalk.
Furthermore, to clarify the relationship between body size and
egg load, the length of the hind tibia was measured with an ocular
meter and used as an index of body size for the ten 3-day-old and
four 6-day-old individuals and that for ten 0-day-old individuals
from a previous study (Wu & Abe, 2020). The three cohorts of G.
micromorpha were reared from May to July 2019 and the data for
0-day-old parasitoids is that of Wu & Abe (2020).

Data analysis

One-way analysis of variance (ANOVA) was used to detect dif-
ferences in the egg load and hind tibial lengths of the three age
cohorts of G. micromorpha. ANOVA results with P value <0.05
were subjected to Tukey-Kramer means comparison to determine
significant differences among the cohorts. Moreover, the effects
of body size on the egg load of G. micromorpha were expressed
by regressing the egg loads against hind tibial lengths and calcu-
lating the regression coefficients for both 0-day-old female wasps
and 3- and 6-day-old ones combined. A linear regression line for
each age was then generated using a least-squares method. All
statistical analyses were performed using EZR (Kanda, 2013), a
graphical user interface for R v. 3.2.2 software (R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

The mean (+ SD) egg loads of 3- and 6-day-old G. mi-
cromorpha were 59.1 £ 10.0 (n =10) and 62.5 £ 11.7 (n =
4) eggs, respectively, which are not significantly different
from each other, but significantly larger than the egg load
of 0-day-old females (41.0 £ 13.5,n=10, Wu & Abe, 2020)
(Fig. 1). In addition, the egg load was positively correlated
with the hind tibial length on day 0 (Y = 249.09X—56.98,
F =10.03, P=0.013, R2= 0.556) and days 3 and 6 com-
bined (Y = 323.17X-63.66, F = 19.67, P < 0.001, R?=
0.621) (Fig. 2). There was no significant difference in the
mean (+SD) lengths of the hind tibia in the three cohorts
of G. micromorpha (0-day-old: 0.393 + 0.040 (n = 10) mm,
3-day-old: 0.379 £ 0.020 (n = 10) mm, 6-day-old: 0.393 +
0.035 (n =4) mm; ANOVA, P =0.559).
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Fig. 1. Relationship between adult age and the number of mature
eggs in Gronotoma micromorpha. Different letters above columns
indicate that the mean values differ significantly at P= 0.05 (Tukey-
Kramer test after ANOVA). Bars represent standard deviation of
the mean. Sample sizes are: (0) 10, (3) 10, (6) 4.

DISCUSSION

The egg load of G. micromorpha adults increased with
age after emergence up to the midpoint of their adult life
and thereafter remained constant when deprived of hosts;
a similar relationship is reported for other cynipoid parasi-
toids, such as Ibalia leucospoides (Hochenwarth) (Hyme-
noptera: Ibaliidae) (Fischbein et al., 2013) and Leptopilina
Jjaponica Novkovi¢ et Kimura (Hymenoptera: Figitidae)
(Wang et al., 2018), but egg load continues to increase
throughout adult life in Ganaspis brasiliensis Thering (Hy-
menoptera: Figitidae) (Wang et al., 2018). The results of
the present study and previous studies on cynipoid parasi-
toids (Fischbein et al., 2013; Wang et al., 2018; Wu & Abe,
2020) indicate that when suitable hosts are rare or absent,
female parasitoids of Cynipoidea enhance their reproduc-
tive capacity in anticipation of a future improvement in the
availability of hosts by using carbohydrates and nutritional
reserves that were stored during the larval stage. However,
in I. leucospoides, carbohydrates are not necessary for ma-
turing eggs in the adult stage (Fischbein et al., 2013).
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Fig. 2. Scatter plot of the relationship between body size and egg
load for the three cohorts of Gronotoma micromorpha.
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Over the average lifetime of G. micromorpha (6.6 d),
hind tibial length and egg load were positively correlated.
Consequently, hind tibial length is considered to be a good
index of body size and predictor of the potential fecundity
of this parasitoid. In addition, there is no pre-oviposition
period in G. micromorpha (Abe, 2001, 2009) and maxi-
mum realized daily fecundity is reported on the first day of
emergence (Abe & Tahara, 2003). As suggested by Wang et
al. (2018), when target pests are abundant for short periods,
parasitoids with short pre-oviposition periods and maxi-
mum egg loads early in adult life are favoured as biological
control agents. Given that rapid increases in the population
density of L. trifolii are reported in greenhouses (Jones et
al., 1986; Abe & Kawahara, 2001), G. micromorpha with
a high initial egg load and no pre-oviposition period would
appear to be a good candidate for the biological control
of this leaf miner. Three-day-old G. micromorpha females
that were fed on honey had higher egg loads, but their life
expectancy is half that of 0-day-old females. Comparison
of demographic data between 0- and 3-day-old G. micro-
morpha females is needed to evaluate the effectiveness of
this parasitoid species as a biological control agent of L.
trifolii.

Large G. micromorpha females had high egg loads when
reared on L. trifolii. When reared on L. bryoniae, wasps are
bigger, but larval survival is lower (Abe, 2006). Moreover,
the results of a preliminary study show that larger females
of G. micromorpha emerge from the garden pea leaf miner
Chromatomyia horticola (Goureau) than from L. bryoni-
ae and L. trifolii (Y. Abe, unpubl. data). The fecundity of
G. micromorpha reared on L. bryoniae and C. horticola
should be examined as in Abe & Tahara (2003). To obtain
large G. micromorpha, alternate hosts can be exploited.
Generally, larger and more fecund parasitoids with high in-
itial egg load and short pre-oviposition period are the most
useful for growers to control pests that increase rapidly.
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